AND THE OCULAR HYPERTENSION TREATMENT STUDY (OHTS) GROUP • PURPOSE: To determine whether topical ocular hypotensive medication is associated with refractive changes, visual symptoms, decreased visual function, or increased lens opacification. • DESIGN: Multi-center clinical trial. • METHODS: We compared the medication and observation groups of the Ocular Hypertension Treatment Study (OHTS) during 6.3 years of follow-up with regard to the rate of cataract and combined cataract/filtering surgery, and change from baseline in visual function, refraction, and visual symptoms. A one-time assessment of lens opacification was done using the Lens Opacities Classification System III (LOCS III) grading system. • RESULTS: An increased rate of cataract extraction and cataract/filtering surgery was found in the medication group (7.6%) compared with the observation group (5.6%) (hazard ratio [HR] 1.56; 95% confidence interval [CI] 1.05 to 2.29). The medication and observation groups did not differ with regard to changes from baseline to June 2002 in Humphrey visual field mean deviation, Humphrey visual field foveal sensitivity, Early Treatment of Diabetic Retinopathy Study (ETDRS) visual acuity, refraction, and visual symptoms. For the medication and observation groups, LOCS III readings were similar for nuclear color, nuclear opalescence, and corti-cal opacification. There was a borderline higher mean grade for posterior subcapsular opacity in the medication group (0.43 ؎ 0.6 SD) compared with the observation group (0.36 ؎ 0.6 SD) (P ‫؍‬ .07). • CONCLUSIONS: We noted an increased rate of cataract extraction and cataract/filtering surgery in the medication group as well as a borderline higher grade of posterior subcapsular opacification in the medication group on LOCS III readings. We found no evidence for a general effect of topical ocular hypotensive medication on lens opacification or visual function. (Am J Ophthalmol 2006;142:800 -810.
• PURPOSE: To determine whether topical ocular hypotensive medication is associated with refractive changes, visual symptoms, decreased visual function, or increased lens opacification. whether topical ocular hypotensive medication initiates or accelerates cataract formation. An increased prevalence of lens opacities has been reported in some case-control studies of participants with glaucoma or ocular hypertension. [1] [2] [3] [4] [5] Furthermore, a recent large, welldefined population-based sample 6 and a recent clinical trial 7 found a higher incidence of nuclear sclerosis among participants treated with topical ocular hypotensive medications. The Ocular Hypertension Treatment Study (OHTS) found a higher incidence of cataract extraction among participants randomized to topical ocular hypotensive medication compared with participants in the observation group. 8 To further investigate the possible role of topical ocular hypotensive medication in initiating or accelerating lens opacification in OHTS, we compared the medication and observation groups during follow-up with regard to the rate of cataract extraction and combined cataract/filtering surgery and change from baseline in visual function, refraction, and visual symptoms. In addition, a one-time assessment of the lens of each eye of participants was completed by masked examiners using the Lens Opacities Classification System III (LOCS III). 9 
METHODS
• STUDY DESIGN: The OHTS is a multi-center randomized trial of the safety and efficacy of topical ocular hypotensive medication in delaying or preventing the onset of primary open-angle glaucoma (POAG) in individuals with ocular hypertension. A detailed description of the study has been published previously 10 and can be found online at https://vrcc.wustl.edu/mop/mop.htm. The design and methods of OHTS are briefly summarized below.
Participants signed a Health Insurance Portability and Accountability Act (HIPAA) compliant informed consent form approved by the institutional review board of each clinic. Eligible individuals were randomized to either observation (n ϭ 819) or treatment with topical ocular hypotensive medication (n ϭ 817). Neither the participant nor the clinician was masked as to the randomization assignment. The treatment goal was to achieve an intraocular pressure (IOP) of 24 mm Hg or less and a 20% reduction from baseline IOP but not necessarily lower than 18 mm Hg. Clinicians could prescribe one or more commercially approved topical ocular hypotensive medications to achieve the treatment goal. The mean age at baseline was 55.4 Ϯ 9.6 SD years, 69% of the participants were self-identified as "Caucasian, not of Hispanic origin," 25% as "African-American, not of Hispanic origin," and 3.6% as "Hispanic." Baseline IOP was 24.9 Ϯ 2.7 SD mm Hg (average of right and left eyes). The primary study outcome was the development of POAG determined by reproducible visual field abnormality and/or optic disk deterioration detected by masked graders at reading centers and attributed to POAG by a masked end point committee. From the start of enrollment in February 1994 to June 2002, participants were managed according to their randomization assignment. In June 2002, OHTS published its primary outcome paper reporting the efficacy of topical ocular hypotensive medication in reducing the incidence of POAG. 8 After June 2002, medication was offered to participants originally randomized to observation. Participants originally randomized to medication continued to receive medication.
• CHANGE IN VISUAL FUNCTION AND REFRACTION:
The medication and observation groups were compared with regard to change from baseline to June 2002 for refraction (spherical equivalent) and the following indices of visual function: (1) Humphrey full threshold 30-2 visual field mean deviation; (2) Humphrey full threshold 30-2 visual field foveal sensitivity; and (3) Best-corrected Early Treatment of Diabetic Retinopathy Study (ETDRS) visual acuity. Humphrey 30-2 full threshold testing was com-pleted every six months. Refraction and best-corrected ETDRS visual acuity were completed every 12 months.
Sixteen participants who had undergone cataract extraction in one or both eyes before OHTS were excluded, leaving 99% of the randomized participants (1620 of 1636) available for analyses of visual function and refraction. Among these 1620 participants, follow-up data were excluded after events that could produce lens opacification, decreased visual function, or interfere with data analysis including: (1) developing POAG; (2) undergoing cataract extraction or combined cataract/filtering surgery; (3) developing a systemic or ocular condition that severely reduced visual function for example, central retinal vein occlusion; (4) initiating medication in an observation participant; and (5) discontinuing medication in a medication participant. Data for both eyes were censored after the occurrence of the first censoring event in either eye of a participant in analyses of visual function and refraction.
Differences between randomization groups in the rate of change from baseline to June 2002 or to the first censoring date were estimated using data for each eye of each participant using multivariate regression models implemented with PROC MIXED, SAS ® statistical software version 9.1 (SAS Institute Inc, Cary, North Carolina, USA). We report the coefficient of change per year by randomization group. These models adjusted for the correlation between the two eyes of each participant and included as covariates age, race, diabetes mellitus, corticosteroid use, and the use of topical ocular hypotensive medication before OHTS. Multivariate models of mean deviation did not include age as a covariate because mean deviation is adjusted for age in STATPAC 2. Because smoking history was recorded late in the study and was available for a smaller sample (n ϭ 1387 of 1620), we performed the primary multivariate analyses without history of smoking and repeated the analyses with smoking history. Smoking history was positive if the participant responded "yes" to the question "Have you ever smoked 100 or more cigarettes to date?"
To improve detection of changes in small subgroups, we also compared the medication and observation groups with regard to the occurrence of two threshold events indicative of decreased visual function, the occurrence of ETDRS visual acuity Յ39 letters (approximately 20/40 Snellen equivalent) in either eye, or the occurrence of a visual field test with mean deviation P Ͻ .05 in either eye. Cox proportional hazards models were used to determine if the cumulative probability of these events differed between the two randomization groups. Covariates in the Cox models included age, race, diabetes mellitus, corticosteroid use, and use of topical ocular hypotensive medication before OHTS. Multivariate models were rerun with the same covariates and history of smoking.
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• CHANGE IN GLAUCOMA SYMPTOM CHECKLIST:
OHTS started administration of the Glaucoma Symptom Checklist in November 1996. The Glaucoma Symptom Checklist, which was completed every six months by participants, includes four visual symptoms: "blurry or dim vision," "halos around lights," "hard to see in daylight," and "hard to see in darkness." Participants ranked how bothered they were by these symptoms on a scale from "1 ϭ not at all, unaware of any problems" to "4 ϭ a lot, cannot work or cannot do usual activities." Data from two or more visits before June 2002 were available for 93% (759 of 810) of the observation participants and 91% (738 of 810) of the medication participants.
Multivariate models (PROC MIXED) as described above were used to compare randomization groups with regard to change in visual symptoms from baseline to June 2002 or to the first censoring event. Since the four visual symptoms were highly intercorrelated, we analyzed the mean of the four visual symptom scores for each visit. Multivariate models were repeated with the same covariates and history of smoking. Multivariate models utilized all data from baseline to last follow-up or censoring date of each eye and adjusted for age, race, use of topical medication prior to ocular hypertension treatment study (OHTS), diabetes mellitus, and use of corticosteroids. Models with these same covariates and the history of smoking yielded nearly identical results. Models for mean deviation did not include age as a covariate. 810) of the observation participants and 42% (338 of 810) of the medication participants by June 2002 or before a censoring event. While the number of NEI-VFQ questionnaires available for this analysis differed between randomization groups (P ϭ .01) no demographic or baseline clinical characteristics were found that differentiated participants with and without data from the NEI-VFQ questionnaire. Each of the vision specific subscales-color vision, distance activities, dependency, driving, general vision, mental health, near activities, ocular pain, periph- eral vision, role difficulties, and social functioning-was analyzed separately with no correction for multiple comparisons. A composite score consisting of the overall mean of the subscale scores was also analyzed. Randomization groups were compared using analysis of variance with covariates of age, race, diabetes mellitus, corticosteroid use, and the use of topical ocular hypotensive medication before OHTS. The multivariate models were repeated with the addition of history of smoking.
• CATARACT EXTRACTION AND COMBINED CATARACT/ FILTERING SURGERY: Ocular history was updated at every six-month follow-up visit. The time from baseline to the first report of either cataract extraction or combined cataract/filtering surgery was calculated using data from all participants with no censoring except for death or loss to follow-up for 1620 participants (810 observation participants and 810 medication participants). Sixteen participants had cataract extraction in one or both eyes before OHTS and were not included in this analysis. Cox proportional hazards models were used to estimate the hazard ratio associated with randomization group. Baseline factors found to be associated with cataract extraction in univariate analyses included race, baseline IOP, baseline mean deviation, baseline visual acuity worse than 20/20, and use of calcium channel blockers at baseline. These factors were included in the multivariate Cox proportional hazards models in addition to those factors described previously (age, diabetes mellitus, corticosteroid use, and use of topical ocular hypotensive medication before OHTS). The multivariate models were repeated with the addition of history of smoking.
• LENS OPACITY CLASSIFICATION SYSTEM III (LOCS III):
All LOCS III graders completed training under the direction of Leo T. Chylack, Jr, MD. After dilation of a participant's pupils, the grader assigned a numeric grade to the degree of nuclear opalescence (0.1 to 6.9), nuclear color (0.1 to 6.9), cortical opacity (0.1 to 5.9), and posterior subcapsular opacity (0.1 to 5.9). Photographic standards were provided for each integer value on the scale (for example, 1.0, 2.0). The grader interpolated decimal values between these photographic standards so the available scale range for nuclear color was 70 units from 0.1 to 6.9 in 0.1 increments. Graders were masked as to randomization, POAG status, visual acuity, and Humphrey visual field test results. LOCS III gradings were begun in March 2003 after treatment had already been offered to participants in the observation group. LOCS III measurements were discontinued October 31, 2004 at the recommendation of the OHTS Data and Safety Monitoring Committee (DSMC). By the time of the LOCS III grading, participants originally randomized to observation had received ocular hypotensive medication for a median of 1.2 years (range, 0.0 to 8.6 years), and participants originally randomized to medication had been on ocular hypotensive medication for a median of 8.5 years (range, 0.0 to 10.2 years). Eyes that had developed POAG or had severely compromised vision attributable to ocular or systemic comorbidities were included in all analyses of LOCS III data. We excluded eyes that had undergone cataract extraction or combined cataract/filtering surgery. The unoperated fellow eyes were used when available to minimize missing data. Masked LOCS III gradings were available for 78% (1017 of 1300) of the participants who signed an informed consent form to continue follow-up in OHTS after June 2002. An equal percentage of medication participants (78% or 511 of 654) and observation participants (78% or 506 of 646) had LOCS III gradings.
Multivariate models, which included data from both eyes (or one eye if both eyes were not available) and adjusted for the correlation between a participant's two eyes, were implemented with PROC MIXED, SAS ® statistical software version 9.1 (SAS Institute, Inc, Cary, North Carolina, USA). Analyses were also run with the eye having the worse LOCS III grade or a random eye when both eyes had identical grades. Multivariate models for LOCS III data included as covariates the use of topical ocular hypotensive medication in OHTS, age, race, diabetes mellitus, corticosteroid use, and the use of topical ocular hypotensive medication before OHTS. Multivariate models were repeated with the addition of history of smoking as a covariate.
RESULTS

• CHANGE IN VISUAL FUNCTION OR REFRACTION:
Data for analyses of visual function and refraction from baseline to June 2002 or a censoring date were available for 99% (1620 of 1636) of the randomized participants. Table 1 reports duration of follow-up available for 337 participants with censoring of follow-up data and for 1283 participants with no censoring (mean follow-up, 6.3 years). Duration of follow-up before the censoring event was sufficient to estimate slope coefficients for these 337 participants, and, thus, they could be included in the primary analyses. No difference between randomization groups was detected in the coefficient of change per year in Humphrey full threshold foveal sensitivity, Humphrey full threshold mean deviation, best-corrected ETDRS visual acuity, and refractive correction (spherical equivalent). Table 2 • NATIONAL EYE INSTITUTE VISUAL FUNCTION QUES-TIONNAIRE: One completed NEI-VFQ questionnaire was available for analysis for 287 observation participants and 338 medication participants. No differences between randomization groups were detected on any of the 11 subscales or the composite score (P ϭ .21 to .98 in multivariate models). No adjustments were made for multiple comparisons.
• CATARACT EXTRACTION OR COMBINED CATARACT/ FILTERING SURGERY FROM BASELINE TO JUNE 2002:
The percent of participants undergoing cataract extraction or combined cataract/filtering surgery from baseline to June 2002 was significantly higher in the medication group (7.6%, 62 of 810) compared with the observation group (5.6%, 45 of 810); (HR 1.56; 95% CI 1.05 to 2.29) ( Figure  3 ). In the medication group, five of the 62 surgeries were combined procedures, and in the observation group, two of the 45 surgeries were combined procedures. No participant had filtering surgery before cataract extraction or combined procedure. Other factors significantly associated with higher risk for cataract extraction or combined procedure in the multivariate model included older age (HR for each decade, 2.28; 95% CI 1.81 to 2.87), selfidentified Caucasian race (HR 1.72; 95% CI 1.00 to 2.96), and baseline visual acuity worse than 20/20 (HR 2.86; 95% CI 1.88 to 4.34). Cox proportional hazards model with smoking yielded nearly identical results (HR for randomization group 1.52; 95% CI 1.01 to 2.28).
We conducted exploratory data analyses to determine why the rate of surgery was higher in the medication group. We investigated the possible influence of the following factors: (1) clinic to clinic variability in the rate of cataract and combined cataract/filtering surgery; (2) changes in visual function or refraction before surgery; (3) higher baseline IOP; and (4) higher follow-up IOP before surgery. Clinics varied considerably in their rate of cataract extraction and combined cataract/filtering procedures (range of 2% to 17% of participants at the clinics) before June 2002. To rule out the possibility that a few clinics accounted for the overall difference between randomization groups, we reran the Cox proportional hazards models excluding the two clinics with the highest cataract extraction rates. We still found a higher cumulative probability of cataract and combined cataract/ filtering surgery in the medication group.
To determine if the clinical threshold for performing cataract extraction and combined cataract/filtering surgery was different between randomization groups, we compared the rate of change in visual function up to the time of cataract extraction in the observation and medication participants. Excluded from this subgroup analysis were seven of 62 medication participants and Multivariate models utilized all data from baseline to the visit prior to surgery of the first eye to undergo surgery, multivariate models adjusted for age, race, use of topical medication prior to ocular hypertension treatment study (OHTS), diabetes mellitus, and use of corticosteroids. SD ϭ standard deviation. *Multivariate models utilized one lens opacities classification system (LOCS III) grading for each eye adjusting for the correlation between the eyes of the participant. The multivariate model adjusted for age, race, use of topical medication prior to ocular hypertension treatment study (OHTS), diabetes mellitus, and use of steroids. Models with these same covariates and history of smoking yielded nearly identical results. seven of 45 observation participants who had a censoring event before cataract extraction. No differences by randomization group were detected among those who underwent cataract extraction or combined procedures (Table 3) To determine if high IOP influenced the decision to proceed with cataract extraction or combined cataract/ filtering surgery, we compared the baseline and follow-up IOP up to the time of surgery for participants who subsequently underwent cataract or combined surgery to those who did not. In the observation group, no difference in mean baseline IOP was detected between participants who did undergo or subsequently did not undergo cataract or SD ϭ standard deviation. *Multivariate model utilized one lens opacities classification system (LOCS III) grading per participant and adjusted for age, race, use of topical medication prior to ocular hypertension treatment study (OHTS), diabetes mellitus, and use of steroids. Models with these same covariates and history of smoking yielded nearly identical results.
combined procedures (24.9 mm Hg Ϯ 2.8 SD vs 24.5 mm Hg Ϯ 2.6 SD, respectively; P ϭ .40). Among observation participants who subsequently underwent surgery, mean follow-up IOP before surgery was slightly lower (23.0 Ϯ 2.5 SD) compared with observation participants who did not undergo surgery (23.9 Ϯ 3.0 SD, P ϭ .05).
In the medication group, participants who underwent cataract extraction or combined procedures had a higher mean baseline IOP compared with those who did not (25.9 mm Hg Ϯ 2.6 SD and 24.7 mm Hg Ϯ 2.7 SD, respectively; P ϭ .004). Among medication participants who subsequently underwent surgery, mean follow-up IOP before surgery was 19.4 Ϯ 1.9 SD compared with 19.2 Ϯ 2.2 SD among medication participants who did not undergo surgery (P ϭ .43). We also investigated if medication participants who missed the IOP goal more frequently were more likely to undergo cataract extraction or combined cataract/ filtering surgery. No difference was detected in the percent of visits in which both eyes met the IOP target between medication participants who underwent cataract extraction or combined cataract/filtering surgery (68.5% Ϯ 25.3 SD) vs the medication participants who did not undergo surgery (67.7% Ϯ 28.4 SD; P ϭ .85).
• LENS OPACITIES CLASSIFICATION SYSTEM III (LOCS III): Masked LOCS III gradings, which were initiated March 2003 and discontinued October 31, 2004 at the recommendation of the DSMC, were completed for 78% of the medication participants (511 of 654) and 78% of the observation participants (506 of 646). In a subset of 181 participants, a second LOCS III grading was performed by the same masked grader before the discontinuation date. In this subset, we examined the test-retest agreement between the first and second LOCS III gradings using a Pearson correlation coefficient. The average interval between the first and second LOCS III gradings was 10.3 months Ϯ 2.7 SD. Pearson correlation coefficients between the first and second gradings were 0.76 for nuclear color, 0.67 for nuclear opalescence, 0.70 for cortical opacity, and 0.51 for posterior subcapsular opacity.
Tables 4 and 5 report the mean LOCS III gradings for the average of both eyes of each participant as well as for the "worse eye" of each participant by randomization group. In multivariate models, the effect of duration of exposure to medication was better captured by randomization group than by months on topical ocular hypotensive medication because the distribution of duration on medication was bimodal. (Median treatment period was 1.2 years in the observation group vs 8.5 years in the medication group). Therefore, multivariate analyses of LOCS III used randomization group to classify medication exposure time.
No statistically significant or clinically significant differences between randomization groups were detected for nuclear opalescence, nuclear color, or cortical opacity in multivariate models that included data from "both eyes" or data from the "worse eye" of each participant (Tables 4   and 5 ). Covariates in the multivariate models included randomization group, age, race, diabetes mellitus, corticosteroid use, and the use of topical ocular hypotensive medication before OHTS. A trend for higher mean posterior subcapsular opacity grades was detected in the medication group compared with the observation group in univariate as well as multivariate models for "both eyes" (0.43 Ϯ 0.6, SD and 0.36 Ϯ 0.6 SD, respectively; P ϭ .067) as well as for the "worse eye" (0.54 Ϯ 0.8 SD and 0.45 Ϯ 0.7 SD, respectively; P ϭ .054). A bar chart ( Figure  4) shows the distribution of posterior subcapsular opacity gradings by randomization group in the worse eye. Multivariate models for nuclear color, nuclear opalescence, and cortical and posterior subcapsular for "both eyes" and "worse eyes" were rerun with the same covariates plus history of smoking and yielded nearly identical results (results not presented).
DISCUSSION
CLINICIANS HAVE LONG WONDERED WHETHER TOPICAL ocular hypotensive medication initiates or accelerates cataract formation. While it is widely accepted that the cholinesterase inhibitors cause cataract, [11] [12] [13] the possibility the cataractogenic effect of direct cholinergic agonists such as pilocarpine 14 could cause cataract has never been proven definitively. Some researchers have questioned whether drugs that inhibit aqueous humor formation can affect the metabolism of the lens, leading to cataract formation. Finally, other researchers have suggested that preservatives in eye drops, such as benzalkonium chloride, can cause cataract. 15 A number of studies have linked glaucoma with an increased risk of cataract or cataract extraction. [1] [2] [3] [4] [5] Some of these studies attribute much of the increased risk of cataract to the treatment, particularly topical anticholinesterase drugs and filtering surgery, than to the disease itself. Some epidemiologic studies associate higher levels of intraocular pressure or ocular hypertension with increased incidence or prevalence of cataract or cataract surgery, 16 -18 whereas in other studies, the relationship was not confirmed. 6 The Barbados Eye Study in a population of mostly Afro-Caribbean participants reported a threefold increased incidence of developing nuclear cataract among participants treated with topical beta blockers. The study also reported a borderline increase in posterior subcapsular opacification in the participants on medication. 6 The Early Manifest Glaucoma Trial reported an increased incidence of LOCS II gradings Ն2 for nuclear opacification in patients who received topical betaxolol and laser trabeculoplasty. 7 In OHTS, the rate of cataract and combined cataract/ filtering surgery was higher in the medication group compared with the observation group. Sixty-two of 810 (7.6%) participants in the medication group had cataract or combined cataract/filtering surgery opposed to 45 of 810 (5.6%) participants in the observation group. It is important to emphasize that there were no set criteria in OHTS for cataract extraction or combined procedures. The decision to perform cataract or combined cataract/filtering surgery was made by the clinician and the study participant. We attempted to determine whether there was a tendency toward earlier surgery in the medication group. The participants undergoing cataract extraction in the two randomization groups did not differ in the slope of change from baseline to the time of surgery in refraction, Humphrey visual field mean defect, Humphrey visual field foveal sensitivity, visual symptoms, and ETDRS visual acuity. However, it is still possible that there was a tendency toward earlier surgery in the medication group, perhaps related to clinicians wanting to achieve low IOP levels in medication participants. We have no way to exclude this possibility.
We looked for an overall effect of medication on visual function, visual symptoms, and refractive error by comparing the slope of change of EDTRS visual acuity, Humphrey visual field mean defect, Humphrey visual field foveal sensitivity, refraction, and visual symptoms from baseline to June 2002 or a censoring date. We found no differences in the slopes of change between the medication and the observation groups. It is unlikely that the greater rate of cataract extraction in the medication group (62 people in the medication group vs 45 people in the observation group) would mask any overall group differences given the sample size of 1620 participants and the inclusion of all data from baseline to the date of surgery among participants undergoing surgery.
We performed LOCS III readings after participants originally randomized to observation were offered medication. Thus, the LOCS III assessments were made when the original medication group had received treatment for 8.5 years, and the original observation group had received treatment for 1.2 years. We found no difference between the groups for nuclear color, nuclear opalescence, and cortical opacity. We found a borderline difference of approximately one unit on a 60-point scale in the mean posterior subcapsular opacity grading. This trend was noted when the grading of both eyes of a participant were averaged and when the worse eye of each participant was analyzed. It should be noted that in OHTS, the posterior subcapsular grading was the least reproducible of the LOCS III gradings (Pearson Correlation Coefficient 0.51 vs 0.67 to 0.75 for the other three types). We did not collect information on the type of cataract removed in OHTS, so we cannot comment on whether posterior subcapsular opacities contributed to the need for cataract extraction during the study. As noted above, the Barbados Eye Study 6 and the Early Manifest Glaucoma Trial 7 reported an increase in nuclear opacification in treated participants. We did not find such an increase in OHTS. We cannot fully explain this difference, but it may be explained in part by differences in the populations studied, treatment regimens, and method of lens assessment. It should be emphasized that the LOCS III gradings in OHTS were done after the observation group had been on medication for a median of 1.2 years. This may have diminished the difference between the groups.
We utilized the LOCS III grading system to judge lens opacification whereas the Barbados Eye Study 6 and the Early Manifest Glaucoma Trial 7 used the LOCS II system. The LOCS II and LOCS III grading systems differ principally in that the LOCS III system can detect smaller changes in lens opacification, particularly at the lower end of the grading system. 9 The LOCS III system employed in this study should theoretically be more sensitive in detecting early changes than the LOCS II system used in previous studies. OHTS was designed to assess the efficacy and safety of topical ocular hypotensive medication in delaying or preventing the onset of open-angle glaucoma in ocular hypertensive individuals; however, the design of OHTS did not include serial prospective lens assessment such as clinical lens evaluation, lens photographs, or quantitative measurements, such as LOCS III. Furthermore, we cannot assess whether any specific drug or class of drugs could be associated with cataract formation because many participants in OHTS changed medications during the trial or used more than one medication concurrently to achieve the intraocular pressure goals.
In summary, we find an increased rate of cataract extraction and combined cataract/filtering surgery in ocular hypertensive participants treated with a variety of ocular hypotensive medications. It is possible that these differences arose by chance or by an undetected bias on the part of the clinicians or that topical ocular hypotensive medication initiates or accelerates cataract in a subset of ocular hypertensive individuals. We also find a borderline higher LOCS III grading for posterior subcapsular opacity in the group treated with medication for 8.5 years vs the group treated with medication for 1.2 years; however, we did not find a difference in LOCS III grading for nuclear color, nuclear opalescence, or cortical opacity, nor did we find a difference in the rate of change in a variety of visual function measures, refraction, and ocular symptoms between the medication and the observation groups. While we find no evidence for an overall effect of medication on measures of lens opacification, it must be emphasized that OHTS was not designed specifically to answer this important question. Given our findings and the findings of the Barbados Eye Study 6 and the Early Manifest Glaucoma Trial, 7 we believe it is important for future investigators to include prospective studies on the effect of all classes of topical ocular hypotensive medication on lens opacification.
